Blunt trauma accounts for 80-90 % of the trauma seen in most civilian trauma centers. Significant abdominal trauma is present in 12-15 % of such patients and usually occurs in association with multisystem injury. Although laparotomy is required in only 30-40 % of patients with blunt abdominal trauma, the importance of prompt evaluation and operative therapy is underscored by the observation that the majority of preventable deaths after blunt trauma is due to either unrecognized abdominal injury, or under-appreciation of the severity of abdominal injury (1). This review will focus first on the currently available modalities for evaluation of the abdomen, and then discuss how these modalities may be applied to the multiply injured blunt trauma patient. Finally the indications for laparotomy in general and related to specific organs will be presented.
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MODALITIES FOR EVALUATION
The currently available modalities for evaluating the abdomen after blunt trauma include 1. physical examination, 2. diagnostic peritoneal lavage, 3. computerized axial tomography, 4. abdominal ultrasonography, and 5. diagnostic laparoscopy.
PHYSICAL EXAMINATION
Traditionally physical examination (PE) has been the most important and sometimes the sole method of evaluating the abdomen. A patient with significant blood loss will demonstrate systemic signs of hypovolemia (hypotension, tachycardia, tachypnea, air hunger) and signs of tissue hypoperfusion (oliguria, mental obtundation). A large hemoperitoneum will result in a tender, distended abdomen, and hollow viscus injuries will produce peritonitis. However, it is well known that a strong sympathetic response can mask systemic signs of hypovolemia, and abdominal distension and signs of peritoneal irritation may be absent in the early hours after trauma. Also, in the polytraumatized patient, blood loss maybe due to other injuries. Furthermore, approximately 40 % of the patients have a compromised PE due to head or spine injury, or from the influence of alcohol or drugs. In an attempt to overcome these difficulties, and increase the sensitivity of PE, four-quadrant tap was suggested as an adjunct to PE. A four-quadrant tap has a 30 % incidence of false negativity, and a small incidence of complications, and hence is not significantly better than PE alone.
Currently repeated PE is utilized in neurologically intact, conscious patients admitted for observation following blunt trauma. If the PE changes significantly the patients usually undergo more sensitive and specific diagnostic tests.
DIAGNOSTIC PERITONEAL LAVAGE
Diagnostic peritoneal lavage (DPL) was introduced by Root et al in 1965 as a sensitive and safe method of diagnosing significant intra-abdominal injury (2). The procedure consists of introducing a peritoneal dialysis catheter into the abdomen just below the umbilicus (above if a pelvic fracture is present), either percutaneously (closed technique), or through a small incision (open technique), and directing it towards the pelvis. If the initial aspirate reveals 10 ml of blood, it indicates significant intra-abdominal hemorrhage and the procedure is terminated. If no blood is aspirated, 1 litre of normal saline is infused into the abdomen, and the return is examined for blood (RBC count >100,000/mm 3 ; WBC count >500/ mm 3 ), bile, bacteria, or bowel contents. If any of these are present, it indicates significant intra-abdominal injury.
DPL is a highly sensitive technique (accuracy 98 %), and soon after its introduction became the gold standard for diagnosing significant intra-abdominal injury. Although invasive, it is very safe with <1 % incidence of complications (3). However it suffers from the drawbacks of being oversensitive and nonspecific. Only about 30 ml of blood is required for microscopic positivity, and hence when used as the sole criteria for surgery, there is a 30-40 % incidence of non-therapeutic laparotomy. It is nonspecific and hence no comment can be made regarding the source of intra-abdominal blood. Many patients operated upon for a positive DPL are found to have minor liver or spleen injuries that could very well have been managed non-operatively. Although DPL is sensitive for hollow viscus injury, if performed less than four hours after injury, it is sometimes falsely negative, as sufficient leukosequestration may not have happened to make it positive. Additional disadvantages include its inability to evaluate the retroperitoneum, a lower sensitivity in patients with prior abdominal surgery, and being relatively contraindicated in pregnant females.
Due to these drawbacks and development of other sensitive and more specific noninvasive methods of diagnosis, the use of DPL has declined considerably. Currently its main use is in the rapid determination of abdomen being the site of hemorrhage in the unstable polytrauma patient. It is also useful in diagnosing hollow viscus injury, when the index of suspicion is high but other tests are negative.
COMPUTERIZED AXIAL TOMOGRAPHY
After its introduction in the early 1970s computerized axial tomography (CT) rapidly came to be utilized for all parts of the body. In the 1980s a number of reports attested to its utility in evaluating the abdomen in hemodynamically stable blunt trauma patients (4). Subsequent prospective studies suggested that the accuracy of CT in diagnosing abdominal injury was comparable to DPL (5). In addition CT offers the advantages of being non-invasive, able to specify where the intra-abdominal blood is coming from, and, to a limited extent, evaluate the retroperitoneum and other injuries of the spine and pelvis, at the same time. The disadvantages of using CT for diagnosing intra-abdominal injury include: 1. the need to give intravenous contrast (0.1 % incidence of reactions, less with more expensive non-ionic contrast); 2. its relatively poor sensitivity for hollow viscus, retroperitoneal, and diaphragmatic injuries; and 3. the need to transport the patient to the radiology suite and the time and cost of scans. However, the current generation volumetric scanners, helical or spiral, have a much higher resolution -hence a greater sensitivity for all types of injury, and can complete scans much faster.
CT has largely supplanted DPL as the modality of choice for evaluating blunt trauma to the abdomen in hemodynamically stable patients, and the technique of scanning has become fairly standardized. Scans are performed from the lower chest to the symphysis pubis with reconstructions every 7-10 mm. In an effort to save time, many centers have abandoned non-enhanced scans. Enhancement is done by power injecting 150 cc of iodinated contrast intravenously, just before data acquisition. Enteral contrast with dilute barium (or diatrizoate) may be given, orally or by nasogastric tube, 30 minutes prior to the study. Some centers have stopped using enteral contrast as it rarely adds any useful information.
ABDOMINAL SONOGRAPHY
Abdominal sonography (US) has been used to evaluate blunt abdominal trauma in Japan, and Europe since the early 1980s (6). In USA it has been used only in the last decade. Rapid ultrasound examination of the abdomen following blunt trauma (FAST-focused abdominal sonogram for trauma) consists of looking for fluid (usually blood) in four defined areas: 1. subhepatic (hepato-renal interface), 2. subsplenic (lienorenal interface), 3. pericardial, through a subxiphoid window, and 4. pelvic, using a full bladder as an acoustic window. However, in an attempt to increase its sensitivity, experienced sonographers will often look in additional areas such as subphrenic and paracolic. The advantages of US include its low cost, rapidity, repeatability, portability, and non-invasiveness. Unlike CT, where the patient has to be transported to the CT area, US can be performed in the resuscitation room itself. In experienced hands the sensitivity of US for intra-abdominal fluid has been reported as 80-95 % and approaches that of DPL (7). The drawbacks of US include its low specificity for identifying organ injury, and operator dependency. Also in the presence of subcutaneous emphysema, obesity, and distended bowel, the examination maybe suboptimal.
Currently US is most often used, instead of DPL, to rapidly identify hemoperitoneum as the cause of hypovolemia in hemodynamically unstable patients. In stable neurologically intact patients US can be used to decide which patients will benefit from a CT scan. If the US is completely normal, the patient is observed, while if the US shows intra-abdominal fluid, the patient undergoes a CT scan to identify the source of fluid. As resolution increases and surgeons get more comfortable with its use, it is possible that in the future US will supplant CT as the screening modality of choice after blunt abdominal trauma.
DIAGNOSTIC LAPAROSCOPY Diagnostic laparoscopy is increasingly being used after penetrating trauma. However in blunt trauma situations, even in experienced hands it is difficult to look at every part of the intraperitoneal gastrointestinal tract. Visualization is further compromised by blood staining the tissue and sticking to the serosal surface. Secondly, with currently available techniques it is not possible to adequately 'look' at the retroperitoneum and rule out injury. Lastly, although it is possible to diagnose liver or spleen injuries, and even treat minor injuries, it is difficult to determine injury grade, which is important for treatment planning. Another theoretical concern is that the pneumoperitoneum necessary for good visualization may cause air embolism by introducing air into the vasculature through injured vessels. For these reasons as well as the the cost laparoscopy is not often utilized after blunt trauma. With developments in optics and instrumentation (smaller scopes), and further evolution of the technique (gasless laparoscopy) it may play a role in the future. (Fig. 1) In a patient with blunt polytrauma, prior to evaluating the abdomen specifically, it is presumed that the patient has a patent airway, is ventilating and oxygenating, has adequate vascular access (usually two large bore peripheral intravenous lines) and any obvious external sources of bleeding have been controlled. History, including details of the traumatic incident, is important in determining how intensive an evaluation is necessary, and suspecting specific injuries. The clinical pathway used to evaluate the abdomen depends on the hemodynamic stability of the patient.
EVALUATION OF ABDOMEN

HEMODYNAMICALLY UNSTABLE PATIENT
The diagnostic priority in the unstable blunt trauma patient is to rapidly determine the source of hemorrhage while resuscitative measures are being carried out. In rare instances a rapidly distending abdomen will suggest abdominal hemorrhage. In the absence of this uncommon finding, adjunctive techniques are necessary to rapidly diagnose or rule out major intra-abdominal hemorrhage. Since such patients cannot be safely transported to the radiology department, the diagnostic modalities are somewhat limited. The two modalities commonly used are DPL, and US.
DPL can be rapidly performed in the resuscitation area. Since the objective is to diagnose significant intra-abdominal hemorrhage, and not necessarily the specific organ injured, DPL is ideally suited for this situation. For the same reason, positivity in such situations is defined as aspiration of gross blood (> 10 ml), and not on microscopic cell counts. A special scenario is the patient with pelvic fracture. DPL can be falsely positive because of the fracture hematoma extending upwards. In such patients placing the DPL catheter through a supraumbilical site as opposed to the usual infraumbilical site reduces the incidence of false positivity. The other modality that may be used in the trauma room to rapidly diagnose significant intra-abdominal hemorrhage is US. In trained hands sensitivity of US for significant intra-abdominal blood approaches that of DPL, and US offers the added advantage of non-invasiveness, and repeatability. As surgeons grow more comfortable in using and interpreting US, it will likely replace DPL in these situations.
HEMODYNAMICALLY STABLE PATIENT
There continues to be controversy regarding the definition of hemodynamic stability after trauma. All commonly used measures of circulatory adequacy (heart rate, blood pressure, base excess, serum lactate, urine output) suffer from limitations. For practical purposes a blunt trauma patient may be considered 'hemodynamically stable' if after up to two liters of crystalloid infusion the patient is maintaining a systolic blood pressure >90 mmHg (> 100 mmHg for older patients), does not have a base deficit, (or is normalizing the base deficit), and is making >50ml of urine every hour. The evaluation of such patients has two aims. First is to rapidly identify patients who will need operative therapy, and second is to triage patients to optimum level of care -observation in the ICU, observation in a regular hospital bed, and discharge without admission.
PE is the simplest form of evaluation. However it is suitable only for neurologically intact mentally alert patients. Also it entails admitting virtually all patients for repeated examination, and takes up significant time and personnel resources to be effective. Even if all these limitations are acceptable, the length of time patients should be observed is not clear. Although the large majority of patients with significant injury requiring intervention will be diagnosed within 24 hours of observation, a small number will be missed, as they may not demonstrate signs of injury in this timeframe (e.g. a patient with a small colonic perforation with minimal soilage, or a mesenteric injury with devascularized bowel). DPL is highly sensitive for significant abdominal injury, but is invasive, nonspecific, and results in an unacceptably high incidence of non-therapeutic laparotomy. US may be a good screening modality, as it is noninvasive and its sensitivity approaches that of DPL. However US can miss a small amount of fluid in the peritoneum, which may be the only finding in a patient with significant bowel injury. Further all three modalities do not address the second aim of evaluation -triage. Of the currently available modalities the one that comes closest to meeting the two aims of evaluation in a stable patient is CT. A contrast enhanced CT can not only diagnose specific injuries, it can grade solid organ injury thus facilitating the decision making process regarding the optimum level of care for a given patient. In a large prospective multi-institutional study of over 2000 patients it was shown that patients evaluated by CT after blunt trauma could safely be discharged from the emergency department if the CT was completely normal and the patients did not have any other indication for hospital admission (8). The authors of this study however caution that such high accuracy can only be achieved if helical (or spiral) technology is utilized.
In summary, all patients with significant blunt trauma that are hemodynamically stable need to have their abdomen evaluated for injury. Most centers, including the authors, use contrast enhanced helical CT for this purpose. CT can identify patients that require operative intervention, and triage patients to observations in either a regular hospital bed or in the intensive care unit, or to discharge from the trauma room. An alternative approach may be to subject all patients to US. If the US does not show any fluid, the patient is admitted for observation, and if the US shows abdominal fluid, suggesting significant abdominal injury, the patient undergoes CT for diagnosing the source of fluid, and managing accordingly. Liver and spleen are the two most common organs that are injured following blunt abdominal trauma. Non-operative management of these injuries has evolved over the past two decades. Currently all hemodynamically stable patients with liver and/or spleen injuries detected by CT are managed non-operatively (9, 10). Patients who on CT scan demonstrate active extravasation of intravenous contrast and yet are stable may either be managed by immediate angiography with selective embolization of the bleeding vessel, or undergo urgent laparotomy. The decision to go for surgery or control by interventional radiology is usually based on the locally available expertise and resources. In the absence of active contrast extravasation, patients with these injuries are managed by observation in the intensive care unit. Any such patient developing hemodynamic instability or requiring >2 units of packed cell transfusion due to the solid organ injury should undergo urgent laparotomy.
INDICATIONS FOR LAPAROTOMY
PANCREAS
Pancreatic injuries are often detected at surgery as these patients usually have associated injuries that require laparotomy. Isolated injuries of the pancreas however can be difficult to detect. Enzyme elevation is fairly sensitive, but nonspecific. CT done in the early post trauma period may fail to show injury. If the initial CT does not show injury and the index of suspicion, based on mechanism or persistent enzyme elevation, is high, the CT can be repeated. In such situations the technique should be modified to get thin sections through the pancreas and to time the scan so that data acquisition is done when the intravenous contrast is within the organ. Patients with CT showing injury need laparotomy for drainage with or without resection. Alternatively MR pancreatography, where available, offers a noninvasive way to evaluate the pancreatic duct. Major ductal injury is an indication for laparotomy, while if the injury does not involve the major ducts, the patient maybe managed non-operatively.
HOLLOW VISCUS
Hollow viscus injury is the third most common injury seen after blunt abdominal trauma. Delay in operative therapy following such injuries can lead to significant morbidity and mortality. Patients with peritoneal signs, either at initial presentation or during observation in the hospital, should undergo laparotomy without delay. Although CT has traditionally been considered poor in the diagnosis of these injuries, the current helical scanners have increased the accuracy considerably. Individual findings of bowel or mesenteric injury -unexplained intraperitoneal free fluid; pneumoperitoneum; bowel wall thickening; mesenteric fat streaking; mesenteric hematoma; extravasation of luminal or vascular contrast -are nonspecific, but they can raise suspicion of hollow viscus injury, and prompt further tests or laparotomy. In a recent report the number of CT findings was found to directly correlate with presence of injury (11) . In that report the authors suggest doing a DPL for a single CT finding, and proceeding with laparotomy if more than one finding is present.
DIAPHRAGM
All diaphragm injuries should be operatively repaired. If repair is not done in the acute setting these patients may present years later with chronic diaphragmatic hernias and respiratory compromise, or strangulation. Larger ruptures are easily detected by chest radiography. Smaller injuries can be missed. None of the available diagnostic modalities are reliable in detecting such injuries. The newer generation helical scanners may show some subtle signs such as thickening of the hemidiaphragm. In the absence of a reliable diagnostic test, the surgeon has to maintain a high index of suspicion based on the history -more common with a mechanism involving a crushing force to the upper abdomen or chest. If the index of suspicion is high, laparoscopy may be utilized to not only diagnose the injury, but repair it also. In rare cases exploratory laparotomy may be necessary to establish the diagnosis and repair the injury.
URINARY TRACT
Majority of renal injuries following blunt trauma does not require laparotomy. Laparotomy and repair is indicated if there is urinary extravasation that is persistent over 48-72 hours. In most patients presenting with gross hematuria, the hematuria usually resolves. In cases where the hematuria does not resolve, and the imaging studies suggest renal fragmentation, laparotomy may be required to remove whole or part of the kidney. The warm ischemia time for the kidney is four to six hours, and hence attempts at revascularization after traumatic avulsion or thrombosis of the renal artery are usually futile. In rare instances when the diagnosis has been made early, the patient is hemodynamically stable, and it is important to preserve renal parenchyma (solitary kidney, borderline renal function), laparotomy for revascularization may be justified. Blunt ureteric injury is rare and usually occurs with other major injuries that require laparotomy. Intraperitoneal rupture of the bladder is usually seen in association with a pelvic fracture or when there has been a blow to the lower abdomen with a distended bladder. In conscious patients peritoneal signs are present. CT scan usually shows free intraperitoneal fluid. Injury may be confirmed by retrograde or CT cystography. Once the diagnosis is made, laparotomy is indicated to repair the bladder.
REPRODUCTIVE ORGANS
Injuries to the intra-abdominal reproductive organs are rarely isolated in the non-gravid patient, and are found during laparotomy for other reasons.
ABDOMINAL VESSELS
Injuries to the major abdominal vessels usually cause hemodynamic instability, and are found at laparotomy. In some instances the bleeding may have stopped, and a pseudoaneurysm is detected on CT scan. If the pseudoaneurysm involves any major vessel, immediate laparotomy is indicated to repair the vessel and prevent exsanguinating hemorrhage.
CONCLUSIONS
Blunt trauma accounts for large majority of civilian trauma. Prompt evaluation of the abdomen is necessary to minimize preventable morbidity and mortality. Unstable patients with evidence of intra-abdominal hemorrhage (by US or grossly positive DPL) should undergo laparotomy immediately. Of the multiple modalities available for evaluating stable patients, contrast enhanced CT provides the most useful information for deciding which patient needs operative therapy, observation in the intensive care unit or hospital, or can be safely discharged from the emergency department.
